Two new 30-norlanostane-type oligoglycosides (6, 7) along with five known sarasinosides A 1 (1), A 2 (2), A 3 (3), M (4), L (5) were isolated from the ethanol extract of the Australian sponge Melophlus sarasinorum. The skeleton of new sarasinoside A 4 (6) possesses a rare 8α,9α-oxido-8,9-seco-moiety. Sarasinoside A 5 (7) proved to be a 9-deoxy-congener of the previously described sarasinoside L (5). Compounds 1-7 have identical pentasaccharide chains and differ in the aglycone portions. The structures have been elucidated on the basis of NMR, MALDI-TOF MS and GC analyses.
Triterpene oligoglycosides occur very widely in the plant kingdom. However among marine organisms, only sea cucumbers (holothurians) [1-3 and references cited therein] and some sponges [4-14 and references therein] produce these secondary metabolites. Sarasinosides A 1 , A 2 , A 3 , B 1 , B 2 , B 3 , C 1 , C 2 , C 3 from the sponge Asteropus sarasinosum [4] [5] [6] were the first triterpene (norlanostane) glycosides from a marine sponge. Later a number of related saponins have been isolated from other tropical marine sponges of the genus Asteropus (= Melophlus) namely sarasinosides D-G [7] , H 1 , H 2 , I 1 , I 2 [8, 9] , J, K, L and M [9] . These penta-or tetrasides characteristically contain GlcNAc and GalNAc in their sugar portions and usually have a 24,25-ene-23-one moiety in side chains of 30-norlanostane aglyconees. Sarasinosides have exhibited inhibitory effects on the cell division of fertilized starfish eggs [5] , piscicidal properties [5] , cytotoxicities against some leukemia cell lines [6, 8] , inhibitory actions against human kinase C [7] and yeast [9] .
As a part of our continued research for secondary metabolites from marine invertebrates [15] , we studied ethanol extracts of the sponge Melophlus sarasinorum collected near the northwestern coast of Australia. Butanol-soluble materials from these extracts were subjected to column chromatography on Sephadex LH-20 and silica gel to give fractions of triterpene saponins. The repeated reversed-phase HPLC of the main fraction afforded the known sarasinosides A 1 (1), A 2 (2), A 3 (3) [4] [5] [6] , M (4), L (5) [9] and the new sarasinosides A 4 (6) and A 5 (7) . Their structures were elucidated on the basis of NMR, MALDI-TOF MS and GC analyses. All the compounds proved to be glycosides with identical carbohydrate chains and different aglycone portions. Sarasinoside A 4 (6) was obtained as a yellowish amorphous solid that analyzed for C 62 H 98 N 2 O 27 by combined HR MALDI-TOF MS and 13 C NMR. The 1 H and 13 C NMR spectra of this compound ( Table 1) showed signals of an α,β-unsaturated ketone characteristic of a sarasinoside side chain: δ H 6 was identified by the HMBC correlations in ring A ( Figure 1 ) and by 1 H-1 H COSY data that showed a linear spin system of a methine proton at δ H 3.13 (CH-3, dd, J = 4.2, 11.7 Hz) and the protons of two methylene groups.
Compound 6 had a 16 mass unit difference from sarasinosides A 2 (2) and A 3 (3). The 1 H and 13 C NMR data for 6 were quite similar to those of known sarasinosides 1-3 except for some signals that implied the occurrence of an additional oxygen atom in the aglycone part. The high field shifted signals of olefinic protons at δ Η 4.62 (1H, m) and 4.91 (1H, dd, J = 5.5, 8.5 Hz), the corresponding methine carbons at δ C 109.4 and 107.4 as well as the downfield shift of signals of two tetrasubstituted carbons at δ C 156.0 and 169.2 indicated the presence of an enol ether moiety. DEPT and 2D NMR experiments suggested that the structure of sarasinoside A 4 differed from the structure of sarasinoside A 2 (2) by an 8α,9αoxido-moiety. The oxygen bridge at C-8 and C-9 was deduced accordingly with HMBC correlations (Figure 1 ) CH 3 -19 (δ Η 1.18, s)/C-9; CH 2 -12 (δ Η 2.15, m; 2.28, dd)/CH-11, C-9; CH-14 (δ H 2.36 dd)/C-8; CH-11 (δ H 4.91, s)/C-9 and CH-7 (δ H 4.62, m)/ CH-5, CH 2 -6, C-8, CH-14. The proton spin systems CH(5)-СН 2 (6)-СН (7) and СН(11)-СН 2 (12) were recognized by 1 H-1 H COSY data. The 8α,9α-oxido stereochemistry was supported by the downfield shift of H-5 (δ H 2.67, dd, J = 2.5, 12.6 Hz) indicating the oxygen and H-5 are located on the same face of the molecule.
The trans A/B and C/D ring junctions were revealed by the δ C of CH 3 -18 and CH 3 -19 [16, 17] . In addition, the relative configuration of the aglycone of 6 was identical to that of known sarasinosides according to the vicinal coupling constants for H-3, H-5, H-14 ( Figure 2 ). Thus, the aglycone of sarasinoside A 4 (6) was determined to be 3β-hydroxy-30-nor-8α,9α-oxido-8,9-seco-lanosta-7,9(11),24-triene-23-one.
Sarasinoside A 4 (6) contained five sugar residues. The identification and arrangement of sugar units were determined by NMR ( Table 2) The coupling constants for the signals of anomeric protons (7.5-8.5 Hz) and δ C for anomeric C-1 (102.5-107.4, δ>100 ppm) indicated that all monosaccharide residues were connected through β-glycosidic linkages. The attachment and arrangement of these residues were established by HMBC experiments (Figure 1 ). The structure of the carbohydrate moiety was confirmed by comparison of the NMR data ( Table 2) with those of known sarasinosides [8] . In addition, determination of the absolute configuration of the sugar units was carried out by acid hydrolysis of 6 followed by preparation of acetylated (-)-2-octyl-glycosides [18] . GC analysis of these derivatives and comparison with authentic samples showed them to be D-Xyl, D-Glc, D-GlcNAc and D-GalNAc. Thus, the structure of sarasinoside A 4 was determined to be 3β
-30-nor-8α,9α-oxido-8,9-seco-lanosta-7,9(11),24-triene-23-one (6) . A rare related 8α,9αoxido-8,9-secosteroid framework with a 7,9(11)diene system was found earlier only in jereisterol A [16] , its homologue [19] from sponges and tylopiol A from an edible terrestrial fungus [17] . Among nortriterpene glycosides, an 8α,9α-oxido-8,9-secofunctionality accompanying other double bonds was reported previously for sarasinoside M (4) [9] and eryloside L from the sponge Erylus lendenfeldi (Red Sea) [9] . Sarasinoside A 4 is a new member of this unique group of rearranged oxygenated compounds. Sarasinoside A 5 (7) , an isomer of sarasinoside A 4 (6), was isolated as a yellowish amorphous solid. The molecular formula C 62 H 98 N 2 O 27 was deduced by combined HR MALDI-TOF MS and 13 C NMR analyses. The 13 C NMR spectrum showed the signals of an additional carbonyl (δ C 208.3) and two tetrasubstituted olefinic carbons (δ C 139.4 and 152.2). The Δ 8(14) -15-one location of an α,β-unsaturated ketone moiety was determined by HMBC correlations (Figure 1 (7), СН(9)-СН 2 (11)-СН 2 (12) and СН 2 (16)-СН (17) . The 13 C NMR chemical shifts of angular CH 3 -18 and CH 3 -19, vicinal coupling constants for H-3, H-5, H-9, H-17 (Table 1) revealed that the aglycone of 7 had the same relative configuration as known sarasinosides. In addition, NMR data (Table 2 ) and GC analysis showed that 7 possessed the same pentasaccharide portion. Therefore The most interesting feature of the NMR spectra of 7 was an anomalous difference in δ Η (1.58 and 4.11) of two protons at C-7. The positions of the signals were confirmed by 2D NMR correlations. HSQC showed that these protons were connected with the same methylene carbon at δ C 27.9 (CH 2 -7) . The proton at δ To investigate the spatial structure and magnetic characteristics of the aglycone of 7, quantum-chemical calculations were made of the electronic structure of a virtual cyclopentanoperhydrophenantrene derivative with an 8(14) double bond but with no substituents on the four rings beside the 15-ketone group in ring D. This model was first subjected to full geometry optimization at the MP2/hf2z level followed by a DFT-PBE/ 3z-GIAO//MP2/hf2z calculation of NMR isotropic shielding constants for all atoms. The distance between H-7β and the carbonyl oxygen in the calculated conformation was determined as 2.22 Å, while the distance between H-7α and the same oxygen atom was = 3.79 Å. The bonds H(7β)−C(7)-C(8)-C(14)-C(15)=O were almost coplanar and formed an open six-membered ring where H-7β and the carbonyl oxygen were in close proximity. The H(7α)−C(7) bond was pointed approximately perpendicular to this plane. The difference in the molecular surroundings of H-7β and H-7α led to a calculated Δδ = σ( 1 Η-7α) -σ( 1 Η-7β) = 29.85 ppm -26.49 ppm = 3.36 ppm, which was in acceptable congruence with the experimental value (Δδ = 2.53 ppm). ♦ Therefore, the observed difference in the chemical shifts of geminal protons at C-7 could be explained by the geometrical and electronic peculiarities of the Δ 8(14) -15-one structure. Sarasinoside L (5), the 9-hydroxy-derivative of 7, had a similar Δδ for the two protons at C-7. Analogous Δδ for other H-7 proton pairs have been noted in the certonardosterols Q 4 -Q 7 with a Δ 8(14) -15-one steroid core isolated from the starfish Certonardoa semiregularis [20] . ♦ calculated value for TMS: σ ( 1 Η) =31.3 ppm
Experimental Section
General Experimental Procedures: Optical rotations ([α] D ) were measured on a Perkin-Elmer Model 343 polarimeter. UV spectra were obtained in methanol using a CECIL CE 7200 spectrophotometer. MALDI-TOF mass spectra (positive mode) were recorded on a Bruker Biflex III laser desorption mass spectrometer coupled with delayed extraction using an N 2 laser (337 nm) and α-cyano-4hydroxycinnamic acid as a matrix. The 1 H and 13 C NMR spectra were recorded in CD 3 OD on a Bruker DRX-500 spectrometer at 500 and 125 MHz, respectively, with TMS as internal standard. The quantum-chemical calculations of the electronic structure and geometry optimization were done using the program PRIRODA [21] on the basis of the second-order Møller-Plesset perturbation theory (MP2) with the basis set of double-zeta quality (hf2z). The calculation of NMR isotropic shielding constants (σ) for MP2/hf2z optimized geometries was performed on the basis of density-functional theory (DFT) using PBE correlation functional [22] along with optimized triple-zeta basis set of gauge-invariant atomic orbitals (DFT-PBE/ 3z-GIAO//MP2/hf2z). GLC analyses were done on an Agilent 6850 Series GC System chromatograph equipped with an HP-5MS capillary column (30 m) and helium as the carrier gas. Column chromatography was performed using Sephadex LH-20 (25-100 µ, Pharmacia, Sweden) and silica gel (L 40/100 μm, Chemapol, Czechoslovakia). TLC analyses were carried out on aluminum plates precoated with silica gel (5-17 μ, Sorbfil, Russia). HPLC was performed on a Du Pont Series 8800 Instrument with a RIDK-102 refractometer using an Agilent Hypersil ODS (4x250 mm) column in mixtures of MeOH and H 2 O. All solvents used were distilled from glass prior to use. 
Acid hydrolysis and GC analysis:
A solution of sarasinoside 1, 6, or 7 (2.5 mg) in 0.2M TFA (0.3 mL) was heated in a stoppered reaction vial at 100 o C for 30 min. The water layer was extracted with CHCl 3 (3 x 0.5mL) and evaporated in vacuo. The residue after evaporation, one drop of trifluoroacetic acid and 0.2 mL (-)-2-octanol (Aldrich) were transferred to an ampoule that was sealed and heated in a glycerin bath at 100-105ºC for 6 h. The obtained mixture was concentrated to dryness in vacuo and acetylated with Ac 2 O-pyridine (1:1, 0.3 mL). The acetylated (-)-2-octyl-glycosides were analyzed by GLC using the corresponding authentic samples. The temperature program 100 o C (0.5 min)-5ºC/min-250ºC (10 min) was used, and the temperatures of the injector and detector were 150 o C and 280 o C, respectively. Peaks of the hydrolysate were detected at 24.43, 24.69, 24.92 (D-Xyl), 28.29, 28.89, 29.08, 29.39 (D-Glc), 31.71, 31.92, 32.50 (overlapped D-GlcNAc and D-GalNAc) min. Retention times for authentic samples in the mixture were 24.43, 24.69, 24.93 (D-Xyl), 28.29, 28.89, 29.08, 29.39 (D-Glc), 31.71, 31.93, 32.50 (overlapped D-GlcNAc and D-GalNAc) min. Peaks for L-isomers were detected separately, retention times (min): 28.46, 28.65, 28.75, 29.45 (L-Glc), 24.26, 24.32, 25.15 (L-Xyl), 31.04, 31.19 (L-GalNAc), 31.28, 31.46 (L-GlcNAc). Notation: retention times for the L-isomers except for available L-Glc were determined for (+)-2-octylglycosides of corresponding D-sugars in accordance with [18] .
